INTRODUCTION
It is generally known that marine fishes characteristically accumulate various sorts of n-3 polyunsaturated fatty acids （PUFA） ; in particular, docosahexaenoic acid （DHA, 22:6n-3） and icosapentaenoic acid （EPA, 20:5n-3） are the major PUFA in their tissues 1） . Many studies about the lipids and fatty acids of pelagic seawater fishes have been published, with growing recognition of the beneficial uses of dietary fish oils for humans 2-4） . On the other hand, recent studies indicate that sphingolipids have health benefit for skin 5-7） , and attention has been paid to search for its useful sources 8） .
As for the fatty acid determination of cephalopodan lipids, only some species 9） , such as northern shortfin squid （Illex illecebrosus 10） ） , common cuttlefish （Sepia officinals 11） ） , Southern Ocean cephalopods （Sepioteuthis australis, Gonatus antarctcus, Moroteuthis robsoni, and To-squid, is the most broadly distributed species in the family Ommastrephidae with a circumglobal subtropical to temperate distribution 16-18） . It occurs in the sea off the coast of Japan and is an important seafood in Japan 19） . Although adequate attention has been paid to the clarification of this species' ecological function 17, 18, 20, 21） , the chemical components in its glycerolipids have yet to be rigorously elucidated （integument
22）
; mantle 23） ; mantle and tentacle 24） ） . In particular, there are little studies on the useful lipids and fatty acids, such as sphingolipids and DHA. To assess its lipid physiology and health benefit, the lipid and fatty acid compositions of neutral and polar lipids in all organs of O. bartramii were analyzed in the present study.
EXPERIMENT PROCEDURES

Materials
The samples of O. bartramii are listed in Table 1 . All samples 1-7 were collected in the North Pacific Ocean. A total of forty-two O. bartramii samples were obtained from seven different localities （samples 1-7） . Specimens （samples 1-5） of O. bartramii were caught by the research vessel 'Kaiun-maru' , which belongs to the Aomori Prefectural Industrial Technology Research Center, Aomori Prefectural Government, Japan, in the northwestern Pacific Ocean in [2008] [2009] . Specimens （samples 6-7） of O. bartramii were caught by the research vessel 'Soyo-maru' , which belongs to the National Research Institute of Fisheries Science, Japan, in the northwestern Pacific Ocean in 2010. The samples were immediately frozen at -40℃ until extraction.
Lipid extraction and the analysis of lipid classes
All samples of O. bartramii were dissected into 5 groups of organs （mantle, arms, integument, ovary, and digestive gland） after taking measurements of biological data （Table 2） . Each sample was homogenized in a mixture of chloroform and methanol （2:1, vol/vol） , and a portion of homogenized sample was extracted according to the Folch procedure 25） . The crude lipids of the organs of O. bartramii were separated into classes on silicic acid columns （Merck and Co. Ltd., Kieselgel 60, 70-230 mesh） , and a quantitative analysis of the lipid constituents was performed using gravimetric analysis of fractions collected from column chromatog- 22:1n-11 9.1±0.9 9.5±0.9 7.2±0.5 7.3±0.1 7.1±0.1 7.4±0.7 6.0±0.2 7.3±0.5 6.4±0. In the Tables 3 -8, the major fatty acids are selected, if at least one mean datum was detected at a level of 0.4% or more of total fatty acids.
room temperature and stored at -40℃.
2.3 NMR spectrometry and the determination of lipid classes. Spectra were recorded on GSX-270 NMR and AVAMCE-III 400 spectrometers （JEOL Co. Ltd., Tokyo, Japan; Bruker BioSpin K. K.） in a pulsed Fourier transform mode at 270 MHz and 400MHz in a deuterochloroform solution using tetramethylsilane as the internal standard 26） .
2.4 Preparation of methyl esters and gas-liquid chromatography analysis The TAG, PE, and PC fractions were converted to fatty acid methyl esters by direct trans-esterification by methanol containing 1％ concentrated hydrochloric acid under reflux for 1.5 hr, as previously reported 26） . These methyl esters were purified using silica gel column chromatography by elution with dichloromethane/n-hexane （2/1, v/v） .
The compositions of the fatty acid methyl esters were In the Tables 3 -8, the major fatty acids are selected, if at least one mean datum was detected at a level of 0.4% or more of total fatty acids.
determined by gas-liquid chromatography （Tables 3-8） . Analysis was performed on an HP-6890N （Hewlett Packard Co., Yokogawa Electric Corporation, Tokyo, Japan） gas chromatograph equipped with an Omegawax-250 fused silica capillary column （30 m×0.25 mm i. d.; 0.25 μm film, Supelco Japan Co. Ltd., Tokyo, Japan） . The temperatures of the injector and the column were held at 230 and 215℃, respectively, and the split ratio was 1:76 （FID detector at 240℃） . Helium was used as the carrier gas at a constant inlet rate of 0.7 mL/min. In the fatty acid compositions of all PE, noticeable levels of dimethylacetals, such as 16:0 and 18:0 dimethylacetals, were included （Tables 3-7） , in particular, those in the integumental PE contained highest levels （mean values: 6.5-8.1％ of TFA） of dimethyl acetals 2.5 Preparation of 4,4-dimethyloxazoline derivatives DMOX and its analysis by gas chroma-tographymass spectrometry GC-MS DMOX derivatives were prepared by adding an excess amount of 2-amino-2-methyl-propanol to a small amount of the fatty acid methyl esters （for example, 30mg of the acid methyl esters with 1mL of 2-amino-2-methylpropanol） in a test tube under an argon atmosphere. The mixture was heated at 180℃ for 18h 26, 27） . The reaction mixture was cooled and poured onto saturated brine and extracted with n-hexane. Triplicate extractions with n-hexane were carried out, and the extract was washed with saturated brine, then dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure, and the samples were again dissolved in n-hexane for analysis by GC-MS.
Analysis of the DMOX derivatives and the methyl esters was performed on an HP G1800C GCD Series II GC-MS In the Tables 3 -8, the major fatty acids are selected, if at least one mean datum was detected at a level of 0.4% or more of total fatty acids.
methyl esters, the temperatures of the injector and the column were held at 230 and 215℃, respectively. The split ratio was 1:75, and the ionization voltage was 70 eV. Helium was used as the carrier gas at a constant inlet rate of 0.7 mL/min.
RESULTS
Lipid content and lipid classes of O. bartramii
The total lipid content of O. bartramii samples is shown in Table 2 , together with the lipid classes. The lipid content in the mantle, arm, integument, and ovary ranged from 0.3 to 2.1％ of wet-weight in all samples 1-7, while those （29.4-58.1％） in the digestive gland （liver） were very high, suggesting that O. bartramii accumulates depot lipids only in the liver. TAG （63.2-93.0％ of TL） was the only major component in the liver lipids in all samples. Sterols were the only major component in the tissue neutral lipids （mantle, arm, integument, and ovary） in all specimens, with low levels of other neutral lipids, such as wax esters and diacylglyceryl ethers （Table 2） . Higher levels of sterols （33.5-42.7％） were specifically found in its integument, compared with those in other organs （20.1-34.7％ for mantle, arm, and ovary） . The sterol fractions were considered to mainly contain cholesterol by NMR analysis, which displayed one singlet peak consisting of a C 18 positional methyl moiety. O. bartramii contained medium levels of phospholipids （PE: 12.1-22.5％ and PC: 15.4-31.8％ of the total lipids, TL） in the tissue polar lipids （mantle, arm, integument, and ovary） , with significant levels of ceramide aminoethyl phosphonate, sphigomyelin, and other minor phospholipids by determining thin layer chromatography. The lipid class compositions of all female organs are similar to those of male organs. In the stomachs, various digestive matters with scales and beaks were found and their lipid classes fluctuated （Tables 1 and 2） . For example, a sample of 6F lipids contained middle levels of wax esters, while those in other stomach contents samples contained high TAG lipids.
3.2 Fatty acid composition of depot TAG in all O. bartramii organs The fatty acids in TAG （more than 0.3％ of TFA） in the mantle, arm, integument, ovary, and liver of O. bartramii with its stomach contents are shown in Tables 3-8 . In all organ TAG, the same nine dominant fatty acids （more than about 3％ of TFA） were found in the samples collected from the different areas; 14:0, 16:0, and 18:0 as saturated fatty acids, 18:1n-9, 20:1n-11, 20:1n-9, and 22:1n-11 as monounsaturated fatty acids （MUFA） , EPA and DHA as n-3 PUFA, with noticeable levels （more than about 1％ of TFA） of two MUFA （16:1n-7 and 18:1n-7） and a PUFA （22:5n-3） （Tables 3-7） . TAG of O. bartramii contained characteristically high levels of DHA （16.0-25.1％ for mantle, 13.2-20.5％ for arm, 13.1-17.4％ for integument, 13.6-18.9％ for gonad; 10.7-21.5％ for liver） except for one liver sample （10.3％ for female sample 4, Tables 3-7） . Although the lipid content between the liver and all other tissues markedly differed from each other, the same nine dominant fatty acids in the TAG were consistently found in all organs. Similar trends were found in the stomach content lipids; however, the fatty acid compositions of stomach contents fluctuated; for example, 22:1n-11 （3.8-23.5％ for female and 1.0-11.2％ for male） as above mentioned for lipid classes. Furthermore, the DHA levels of the stomach content TAG （3.1-15.2％, Table 8） were significantly lower than were those in the tissue lipids.
3.3 Fatty acid composition in tissue phospholipids in O. bartramii The major fatty acid compositions in the muscle and visceral phospholipids of O. bartramii with its stomach content lipids are also presented in Tables 3-8. The fatty acid composition in the integumental PE included noticeable levels （6.5-8.4％） of dimethylacetals, such as 16:0 and 18:0 dimethylacetals; therefore, slightly lower levels of total fatty acids in the PE （88.0-99.4％） were observed, as shown in Table 6 22） . In all tissue （mantle, arm, integument, and ovary） PE, five major fatty acids were found; 16:0, 18:0, 20:1n-9, EPA, and DHA, with noticeable levels of 18:1n-7 and 20:4n-6 （Tables 4-7） . Similar to the fatty acid composition of its PE, the same four fatty acids were the major components in the PC; 16:0, 20:1n-9, EPA, and DHA, with noticeable levels of 18:0, 18:1n-7 and 18:1n-9 （Tables 4-7） . In particular, two n-3 PUFA, such as DHA and EPA, were found as the major fatty acids.
DISCUSSION
Lipid content and lipid classes of O. bartramii
O. bartramii accumulated depot lipids in only liver, which have high levels of TAG, while sterols and phospholipids were the major components in the tissue lipids （mantle, arm, integument, and ovary） in all specimens, with significant levels of ceramide aminoethyl phosphonate, sphingomyelin, and other minor phospholipids （Table 2） . In the ceramide aminoethyl phosphonate fraction, ceramide aminoethyl phosphonate is the major components with low levels of minor phospholipids. bartramii and relationship with prey lipids The lipid content between the liver and all other tissues markedly differed from each other; however, the same nine dominant fatty acids in the TAG were found in all organs （Tables 3-7） , similar to the fatty acid composition of the stomach contents （Table 8） . This indicates that lipid biosynthesis of O. bartramii is inactive and that it probably accumulates intact acids originating from prey lipids. Unusually high levels of long-chain C 20 and C 22 MUFA, such as 20:1n-11, 20:1n-9, and 22:1n-11 were observed in all its organ TAG （Tables 3-7） and all classes （TAG, PE and PC） in the liver lipids （Table 3） , similar to those in the stomach contents lipids （Table 8） . In particular, higher 20:1n-11 levels were found in near Japanese coast samples （142-145°E
, sample Nos. 1, 3-7） , while higher level of 20:1n-9 was found only in Mid Pacific samples （175°E, sample No. 2） . All western Pacific samples had higher levels of 20:1n-11, while the mid Pacific samples had higher levels of 20:1n-9, similar to the report of Iverson 29） . These MUFA also presumably originate from its prey, such as myctophids, squids, and euphausiids, which are often observed in the O. bartramii stomach 17, 18, 20） . These micronekton species characteristically have high levels of these long-chain MUFA 30-32） ; in particular, the prey lipids also characteristically has high levels of 20:1n-11 and 22:1n-11. Storage lipids of O. bartramii liver, which contained the highest levels of 20:1n-11 （5.2-10.1％） and 22:1n-11 （4.3-9.5％） , were most influenced by these prey lipids （3.1-4.8％ for 20:1n-11 and 1.0-23.5％ for 22:1n-11 in Table 8） , similar to those in other squids 14, 15） . Compared with high levels （more than about 3％ of TFA） of various n-9 MUFA in common marine animals, only trace or non-detectable levels of 20:1n-11 were generally reported for other marine animals, such as fishes, mollusks, and crustaceans in many papers 1, 9） . For example, significantly high levels of 20:1n-9 without 20:1n-11 were found in many squid lipids 10-13, 28, 33） , and this is general characteristic of squid lipids. A few reports referred to 20:1n-11 only in Pacific animals 29-31, 34） . Significantly high levels of 20:1n-11 in the O. bartramii TAG supports these previous results and it is characteristic of the western Pacific animal lipids （Tables 3-8） . Interestingly, unusually high levels of n-11 MUFA （20:1n-11 and 22:1n-11） in O. bartramii liver PE and PC （Table 3） indicate that all liver lipids are directly influenced by the prey lipids, because non-detectable n-11 MUFA levels were found in the polar lipids （PE and PC） of all other organs （mantle, arm, integument, and ovary: Tables 4-7） , which showed high levels of 20:1n-9 without 20:1n-11. This indicates that only n-9 MUFA is important for tissue membrane lipids, while n-11 MUFA are used as an energy source.
High DHA levels in depot TAG lipids of O. bartramii
Similar to highly migratory fishes, such as tuna species 35） , O. bartramii has high levels of DHA in their TAG （Tables 3-7） , different from that in the stomach content lipids （Table 8） , which fluctuated or contained very low PUFA levels in some samples. Depot TAG generally has low DHA levels in other aquatic animals 36, 37） . O. bartramii, belongs to comparatively higher trophic level, as do highly migratory fishes, which belongs to the highest level. The fatty acid profile O. bartramii is presumably similar to those of tuna species, which accumulate DHA during continuous feeding 35） .
The high DHA levels in the TAG suggest that O. bartramii neutral lipids is a healthy marine source for DHA supplements even if its liver lipids.
4.4 Occurrence of high levels of arachidonic acid 20:4n-6 in the ovary PE and biosynthesis of non-methylene interrupted dienoic fatty acids NMID in O. bartramii Except for some vent bivalves 38, 39） , almost all marine animals contain mostly n-3 PUFA 1） with low levels of 20:4n-6 in their lipids as above mentioned. However, unusually high levels of 20:4n-6 in arm （2.5-7.5％） , integumental （4.1-5.7％） , and ovary （3.1-4.2％） PE, were found, similar to high 20:4n-6 levels of some mollusks 40, 41） and crustacean PE 26） . Furthermore, similar to noticeable 20:4n-6 levels in octopus ovary lipids 42） , its high 20:4n-6 levels indicate this acid may be essential in the ovary, similar to essentiality for larvae of marine fishes 43-46） . In particular, high levels of EPA and NMID were simultaneously observed in its ovary PE, suggesting all these longchain PUFA （20:4n-6, EPA and 22:2n-9,15, ［Δ7,13］ -22:2） are essential for the O. bartramii ovary, similar to n-3 long-chain PUFA essen-tiality in marine fishes and mammals 47-51） . The noticeable levels of NMID （22:2n-9,15, ［Δ7,13］ -22:2） in the ovary PE suggest that this species has enzymes for biosynthetic elongation and desaturation in its tissues, similar to the synthetic pathway of other mollusk species 52, 53） . The 22:2n-9,15 （ ［Δ7,13］ -22:2） , which is considered to be derived from the second C 2 elongation and Δ-5 desaturation of 20:1n-9 after the C 2 elongation of oleic acid （18:1n-9） , also suggests the contribution of a desaturase, similar to other mollusk species 38, 41） . Unusually, high levels of 20:1n-9 （17.5-20.5％） in ovary PE promote the derivation of the long-chain NMID, 22:2n-9,15 （ ［Δ7,13］ -22:2） , compared with its low levels in other animal lipids 1） . The O. bartramii may be able to biosynthetically transform short-chain MUFA to long-chain NMID localizing mainly close to PE, because specific high levels of NMID only in the ovary PE were observed. Interestingly, high levels of these n-9 long-chain fatty acids were specifically found in the ovary lipids, with high n-9 MUFA levels observed in O. bartramii tissue polar lipids; in particular, in the tissue PE. In light of the above discussion, it is inferred that the same physiological elongation and desaturation mechanism exists as in other mollusks, such as bivalves and gastropods 41, 52-55） . 4.5 High levels of two kinds of n-3 PUFA, EPA and DHA in the O. bartramii tissue polar lipids All marine animals, not only marine fishes but also invertebrates, accumulate various sorts of n-3 PUFA in their lipids, while n-6 PUFA are observed as minor components in their lipids 1, 56） . These long-chain n-3 PUFA are considered to originate from phytoplankton and microorganisms, and accumulate and concentrate in marine animals in higher trophic levels through the food web 35） . As a consequence, EPA and DHA are generally found as the major components in tissue lipids of marine animals in the higher trophic levels 1） . In O. bartramii polar tissue lipids （mantle, arm, integument, and ovary PE and PC） , markedly high levels of two kinds of n-3 PUFA （EPA and DHA） were found （Tables 4-7） , while medium levels of these PUFA were observed in the liver polar lipids （Table 3） . This implies the concentration of DHA and EPA from the storage lipids in its tissues, and that the squid species actively accumulates them. The total amount of EPA plus DHA reached 40-50％ in its tissue PE （mantle, arm, integument, and ovary, Tables  4-7） . Markedly high levels of DHA （about 50％） in all tissue PC were also observed, except for the medium DHA levels in liver PC. The high DHA levels in its tissue PC are similar to those in highly migratory fishes 1） , which are carnivorous animals near the highest trophic levels and mainly contain DHA in their polar tissue lipids 35） . The high levels of both long-chain PUFA found in all organs indicate the O. bartramii lipids is a safe and healthy marine source for EPA-DHA supplements.
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